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Specific  Aims.  The  goal  of  this  project  is  to  design  a  genetically-engineered  microorganism  capable 
of  rapidly  and  efficiently  degrading  trichloroethylene  (TCE).  Since  the  enzyme  soluble  methane 
monooxygenase  (sMMO)  of  Methylosinus  trichosporium  OB3b  degrades  a  wide  range  of 
halogenated  hydrocarbons  (HCFCs,  chloroform,  dichloroethane,  etc.),  and  it  degrades  TCE  100  times 
faster  than  any  other  microbial  enzyme,  the  smmo  genes  have  been  cloned  and  expressed  in 
Pseudomonas  putidaFl,  Agrobacterium  tumefaciens,  and  Rhizobium  meZi/ot/  using  plasmids 
pSMMO20  and  pSMMO40  created  by  the  Wood  laboratory..  In  addition,  a  novel  fixed-film 
bioreactor  has  been  constructed  and  is  being  optimized  to  mineralize  TCE  in  the  gas  phase. 

Results.  This  Army  Young  Investigator  award  was  used  to  express  whole,  active  sMMO  for  the  first 
time  in  a  foreign  host  by  creating  a  recombinant,  TCE-degrading  strain  that  no  longer  requires 
methane  to  induce  sMMO,  is  not  subject  to  copper  suppression  of  transcription,  and  degrades  TCE 
without  competitive  inhibition.  The  recombinant  mineralizes  completely  both  TCE  and  chloroform, 
and  it  grows  faster  than  the  wild-type  source  of  the  sMMO  enzyme  (M.  trichosporium  OB  3b). 
However,  this  construct  degrades  TCE  slower  than  the  wild-type  source  of  the  genes,  M.  trichosporium 
OB3b  [Vmax  =  5  nmol  TCE/(min  mg  protein)  for  the  recombinant  vs.  40-500  nmol  TCE/(min  mg 
protein)],  and  the  activity  of  sMMO  in  the  recombinant  is  inconsistent.  By  complementing  cell-free 
extracts  with  purified  sMMO,  the  inconsistent  sMMO  activity  of  the  recombinant  was  determined  to 
be  due  to  incomplete  activity  of  the  hydroxylase  component.  Chemostat-grown  cells  were  also  used 
to  determine  that  sMMO  activity  increases  with  growth  rate  and  that  the  metabolic  state  of  the  cells 
affects  enzyme  consistency.  Furthermore,  it  was  also  determined  that  the  in  vitro  activity  of  sMMO  is 
inhibited  strongly  by  Cu(I),  Cu(II),  Ni(II),  Zn(II),  and  chloramphenicol  through  their  action  on  both 
the  reductase  and  hydroxylase  components. 

In  addition  to  studying  sMMO,  this  grant  was  used  to  study  the  kinetics  of  other  TCE-degrading 
strains  (determining  Vmax  and  Km  for  the  first  time  for  B.  cepacia  G4  PRl,  P.  mendocina  KRI,  and 
P.  putida  FI).  To  find  a  suitable  bacterium  for  a  fixed-film  bioreactor,  the  extent  of  TCE 
degradation  and  mineralization  was  also  compared  on  a  common  basis  for  five  of  the  most  common 
and  active  strains  (B.  cepacia  G4,  B.  cepacia  G4  PRl,  P.  mendocina  KRI,  M.  trichosporium  OB3b, 
and  P.  putida  FI).  To  analyze  the  extent  of  mineralization  of  TCE  in  the  fixed-bed  bioreactor 
without  disturbing  the  active  biofilm,  a  minimal  growth  medium  was  formulated  that  lacks  chloride 
ions  so  that  chloride  ions  generated  by  TCE  mineralization  may  be  quantified  with  a  chloride-ion 
specific  electrode.  An  indole-containing,  minimal-medium  agar  plate  selection  technique  was  also 
developed  to  indicate  active  expression  of  the  TCE-degrading  enzyme  toluene-ortZio  monooxygenase 
as  well  as  distinguish  it  from  other  TCE-degrading  enzymes.  A  novel  fixed-film  bioreactor  using  B. 
cepacia  G4  PRl  has  also  been  designed  and  operated  to  degrade  242  pg  TCE/L  for  up  to  90  days. 

Two  graduate  students  have  been  trained  on  this  grant;  Deokjin  Jahng  received  a  Ph.D.  degree  in 
biochemical  engineering  (1995)  and  is  now  an  assistant  professor  in  the  Department  of  Chemical 
Engineering  at  Myongji  University  (South  Korea),  and  Adam  Sun  has  received  partial  support  and  is 
currently  a  Ph.D.  candidate  at  UC  Irvine. 
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